A prospective observational cohort study of nosocomial sinusitis was carried out in two medical intensive care units. Sinusitis was diagnosed by computed tomographic scanning and the culture of sinus fluid obtained by puncture of a maxillary sinus. Clinical and epidemiological data were collected at the time of admission to the unit and daily thereafter. Specimens from the nares, oropharynx, trachea, and stomach were cultured on admission and daily thereafter. The cumulative incidence of nosocomial sinusitis was 7.7%, and the incidence rates were 12 cases per 1,000 patientdays and 19.8 cases per 1,000 nasoenteric tube -days. Risk factors for nosocomial sinusitis, as determined by multiple logistic regression analysis, included nasal colonization with enteric gramnegative bacilli (odds ratio [OR], 6.4; 95% confidence interval [95% CI], 2.2 -18.8; P Å .007), feeding via nasoenteric tube (OR, 14.1; 95% CI, 1.7 -117.6; P Å .015), sedation (OR, 15.9; 95% CI, 1.9 -133.5; P Å .011), and a Glasgow coma score of £7 (OR, 9.1; 95% CI, 3.0 -27.3; P Å .0001).
Nosocomial sinusitis has only recently been appreciated in
Six prospective observational studies published between 1988 and 1991 revealed high cumulative incidence rates for the medical literature. Incidence rates and risk factors have not been defined by prospective epidemiological studies. In 1974, nosocomial sinusitis, ranging from 38.5% to 100% [13 -18] .
Five of the studies included small numbers of patients the first cases of nosocomial sinusitis associated with nasotracheal intubation were reported [1] . Six publications between (n Å 12 to 65), but one of the studies included 434 patients [17] . None of these studies was designed to elucidate risk 1974 and 1985 described 17 cases of nosocomial sinusitis related to nasotracheal and nasogastric intubation [2 -7] . Nosocofactors for nosocomial sinusitis.
In 1990 Salord and co-workers published a randomized study mial sinusitis that complicated nasotracheal intubation was attributed to irritation of the nasal mucosa by the tube, resulting on the effect of nasotracheal vs. orotracheal intubation on the cumulative incidence of nosocomial sinusitis in mechanically in mucosal edema and obstruction of sinus drainage [5] .
Five series of cases of nosocomial sinusitis related to nasal ventilated patients [19] . All of their patients also had a nasogastric feeding tube. The cumulative incidence of sinusitis in the instrumentation were published between 1982 and 1988 [8 -12] . It was unclear whether these studies were retrospective or patients with orotracheal intubation was significantly lower than the cumulative incidence in patients who had nasotracheal prospective. Two of these studies, of head-injured patients in surgical intensive care units, revealed a cumulative incidence intubation (1.8% vs. 43.1%; P õ .001).
To date, all reports of prospective studies of nosocomial of nosocomial sinusitis of 17.1% and 11.5% [10, 11] , and a third study, of trauma patients in a surgical intensive care unit, sinusitis have indicated only the cumulative incidence of sinusitis, and there have been no prospective studies of nosocomial showed a cumulative incidence of 2.3% [12] . Investigators in the other two studies did not report a cumulative incidence or sinusitis that were designed to elucidate risk factors for nosocomial sinusitis (other than nasal intubation). rates of sinusitis [8, 9] .
The objectives of our study were to (1) determine accurate cumulative incidence and incidence rates of nosocomial sinusitis; (2) identify the causative microorganisms of sinusitis; and intensive care units (MICUs) at the Regional Medical Center smoking; ethanol abuse (current, former, or never); cardiopulmonary resuscitation in the 24 hours prior to enrollment; serum at Memphis and the Memphis Veterans Affairs Medical Center. The study was a prospective, observational cohort study. All albumin level; and severity of illness indices, including the Acute Physiology and Chronic Health Evaluation II (APACHE II) score patients admitted to these MICUs were studied except the following: (1) patients who were unlikely to require intensive care
[21], the Therapeutic Intervention Scoring System (TISS) score [22] , and the Glasgow coma score [23] . for at least 3 days; (2) patients who had sinusitis at the time of MICU admission; and (3) patients who were in the study Daily observations. Data were collected daily (7 days a week) for all patients, and the data were entered on daily obserduring a previous MICU stay. Data were recorded for patients only while they were in the MICU, but patients were followed vation forms. Data collected daily included endotracheal intubation (for each episode: entry site [oropharynx, surgical trafor 48 hours after discharge from the MICU for the diagnosis of sinusitis. , and dates and times of insertion and removal); and mechanical ventilation (dates and times A CT scan of the paranasal sinuses was performed on patients who developed a purulent nasal discharge or a fever begun and discontinued). Nasal intubation was limited to enteric tubes, because with rare exceptions the endotracheal tubes (temperature of ú38.0ЊC [100.4ЊF]) that could not be readily attributed to another source or that failed to respond to approwere inserted through the oropharynx. Only nasoenteric intubation was considered in the calculation of rates and analysis of priate therapy for a diagnosed infection within 72 hours. For patients whose condition was too unstable for them to be transrisk factors. Data on medications were collected daily, including type, ported to the radiology department for a CT scan, portable sinus films (including a Water's view) were obtained at the dose, route of administration, and start and stop dates. Types of medications recorded included antimicrobial agents, antacids, bedside. When radiographs of the maxillary sinuses showed abnormalities, including opacification, air-fluid level(s), or muhistamine type two (H 2 ) receptor antagonists, sucralfate, corticosteroids, sedative hypnotics, muscle relaxants, and antichocosal thickening of §6 mm, maxillary sinus aspiration was performed intraorally through the canine fossa within 24 hours.
linergics. The APACHE II score was recorded on day 3 after admission to the MICU. The mucosa overlying the canine fossa was swabbed with an alcohol pledget and then injected with 1% lidocaine. After
Clinical data recorded daily included rectal or core temperature, status of gastrointestinal motility (normal or impaired, the time was allowed for the anesthetic to take effect, the mucosa was again swabbed with an alcohol pledget, and a small, hollow latter defined as continuous absence of bowel sounds, flatus, and defecation for §24 hours), presence or absence of purulent antral trocar was introduced into the maxillary sinus through the anterior maxillary wall. If fluid could not be obtained at nasal discharge, Glasgow coma score, lowest systolic blood pressure in the preceding 24 hours, and whether pressor agents the time of sinus puncture, the sinus was rinsed with 2 mL of sterile saline and the rinse fluid was aspirated for culture.
(dopamine, norepinephrine, or epinephrine) were required to support the blood pressure in the preceding 24 hours. Other A case of sinusitis was defined by radiographic abnormalities in one or both maxillary sinuses and recovery of §1 microordata collected daily included infections at body sites other than the sinuses, diagnoses determined after study enrollment (date ganism on culture of the exudate or rinse fluid obtained by aspiration of one or both maxillary sinuses.
and time of onset and ICD-9 code), serum albumin level, enteral nutrition (type, maximum daily volume, and start and stop Definitions used for infections at other body sites were modified from those published by the Centers for Disease Control dates), and parenteral nutrition (start and stop dates). At study exit. Data collected at study exit included date of and Prevention (CDC) [20] .
exit and mode of exit (discharge from MICU, death, or diagnosis of sinusitis).
Data Collection Surveillance Cultures
Standardized forms were developed for data collection. A set of these forms was used to record the data for each patient.
Specimens for culture were taken daily from both nares and At study enrollment. Data collected at enrollment included the oropharynx with a sterile cotton-tipped swab. An attempt the patient's name, hospital number, location, date and time of was made daily to obtain specimens of sputum or endotracheal hospital admission, date and time of MICU entry, indication for aspirate from patients with endotracheal tubes and gastric aspi-MICU admission, date of birth, gender, race, height, and weight.
rate from patients with nasogastric tubes for culture. Other data recorded on admission to the study included all diag-
Microbiological Techniques
noses, with use of codes of the International Classification of Diseases (ninth revision; ICD-9); smoking status (current smoker, Swab specimens from the nares and oropharynx were transported to the laboratory in sterile tubes. Sputum specimens former smoker, or never a smoker); cumulative pack-years of were collected in a sterile cup. Tracheal specimens were colTwenty-four of the 28 cases had radiographic evidence of sinusitis in two or more sinuses; the mean number of sinuses lected in sterile suction traps, which were then closed and transported to the laboratory. Specimens from the nares, orowith radiographic abnormalities was 4.4, and the median was 4.5. Seventeen cases were receiving antibiotics at the time sinus pharynx, sputum, tracheal secretions, and stomach were cultured on blood, chocolate, and MacConkey's agar.
aspirates were obtained for culture and examination of gramstained smears. Both culture and gram-stained smears of aspiSinus aspirates were transported to the laboratory in a sterile tube within 15 minutes of collection. Specimens of sinus aspirates from the maxillary sinuses of 19 patients were positive, and the morphologies of the microorganisms on gram-stained rates were inoculated for aerobic cultures in blood, chocolate, and MacConkey's agar. For anaerobic cultures, sinus aspirates smears were consistent with the microorganisms isolated on culture. were inoculated in Schaedler's plain, Schaedler's kanamycinvancomycin, and Schaedler's colistin -nalidixic acid agar and Aspirates were obtained from both maxillary sinuses in three of these 19 patients who had radiographic abnormalities on in chopped meat broth. Specimens were not inoculated in fungal media. Microorganisms were identified by standard techonly one side. For 2 patients, 1 or 2 organisms of the same species were cultured from both sinuses. For the third patient, niques.
only coagulase-negative staphylococci were recovered from the sinus with radiographic abnormalities, but sinusitis in the 
G.).
Staphylococcus aureus (1), Pseudomonas aeruginosa (2), and a Peptococcus species (1), but gram-stained smears were negaAfter data entry, a random 10% double entry of the data revealed an error rate of õ1%.
tive. In one case cultures yielded a light growth of pathogens, including Enterobacter aerogenes and P. aeruginosa, but Data were analyzed with SAS software (Statistical Analysis System; SAS Institute, Cary, NC). Univariate analysis was gram-stained smears were negative. One case yielded only a light growth of coagulase-negative staphylococci, but the gramcarried out with the x 2 test and Fisher's exact test for categorical data and the t-test for independent samples for continuous stained smear was positive for yeast. In the remaining two cases, there was light growth of coagulase-negative staphylodata.
Multivariable analysis was performed by means of logistic cocci in one and coagulase-negative staphylococci, a Corynebacterium species, and a Neisseria species in the other, with regression. Selection of variables for a logistic regression model began by the screening of groups of variables such as negative gram-stained smears. Both of the latter cases were receiving intravenous antibiotics at the time sinus aspirates demographic variables, severity-of-illness variables, diagnoses, types of intubation, variables related to nutrition, neurological were obtained. The cumulative incidence of sinusitis was 7.7%, with a 95% disorders, medications, and colonization by various species of microorganisms. The P value for entry of variables into each confidence interval (CI) of 5.3% to 11.1%. The cumulative incidence of sinusitis among patients who underwent any naof the group models was set at 0.3. The variables from each of these models were used for further analysis by logistic resoenteric intubation was 11.4% (95% CI, 7.8% -16.6%), and among patients who received no nasoenteric intubation it was gression. As the analysis proceeded, attention was paid to whether variables in the models at each stage of development 0.8% (95% CI, 0.1% -4.4%). The incidence rate of sinusitis was 12.0 cases per 1,000 patient-days (95% CI, 8.3 -17.3). were compatible with the biology and pathogenesis of sinusitis.
The incidence rate for patients who underwent any nasoenteric intubation was 15.7 cases per 1,000 patient-days (95% CI, Results 10.8 -22.9). Patients who had no nasoenteric intubation had 1.6 cases per 1,000 patient-days (95% CI, 0.3 -9.1). Seven-hundred four patients were enrolled in the study. After completion of data collection, it was decided that only patients
Since patients who were in the MICU for less than 48 hours were excluded from the study, the incidence rate for the patients who otherwise met the case definition for sinusitis but who were hospitalized in the MICU for at least 48 hours would be who remained in the study was also calculated with the first 48 hours in the MICU excluded from the denominator. Calcuincluded as patients with sinusitis. Thus, all patients without sinusitis who were not hospitalized in the MICU for at least lated in this way, the incidence rate of nosocomial sinusitis was 17.4 cases per 1,000 patient-days (95% CI, 12.0 -25.1). 48 hours were also excluded. After these exclusions, there were 28 patients with sinusitis (cases) and 338 patients without Incidence rates were also calculated with use of nasoenteric tube -days. The incidence rate of infections in intubated pasinusitis. developed with use of the data from the univariate analysis.
Streptococcus species 1 (1.
2)
The logistic regression models were similar except for the stratum of intubated patients.
Peptococcus species 1 (1.2) Yeasts
Candida albicans 4 (4.8)
Discussion
Candida species 3 (3.6)
In a large prospective study we have shown that nosocomial Total 84 (100) sinusitis develops frequently in MICU patients with nasal intubation. All of our case patients had radiographic abnormalities consistent with sinusitis in at least one sinus, and 24 case patients had radiographic evidence of sinusitis in two or more tients was 19.8 cases (95% CI, 13.6 -28.8) per 1,000 nasoenteric tube -days.
sinuses. Cultures of fluids obtained by direct aspiration of sinuses yielded nosocomial pathogens in 25 cases, and a gramThe microorganisms isolated from sinus aspirates are shown in table 1. The etiology of sinusitis was polymicrobial in 23 of stained smear of a sinus aspirate in one case provided evidence of a yeast infection. Two patients with a light growth of non-28 cases (82.1%). Twelve patients who developed nosocomial sinusitis also developed nosocomial pneumonia. In six patients pathogenic microorganisms and negative gram-stained smears of sinus aspirates were receiving intravenous antibiotics at the pneumonia occurred before sinusitis, in three patients sinusitis and pneumonia were diagnosed on the same day, and in three time the sinus aspirates were obtained. Some case patients may have had lighter growth or negative gram-stained smears of patients sinusitis was diagnosed before pneumonia. Eight patients' sinus aspirates and lower respiratory tract secretions sinus aspirates because they were receiving antibiotics at the time aspirates were obtained or because of a dilutional effect (obtained by bronchoscopy) both yielded the same organism(s). S. aureus was recovered from both sites in 3 patients, P. aerugiwhen sinus aspirates were obtained by saline rinse. Some investigators have cultured sinus aspirates quantitanosa from both sites in 2 patients, Escherichia coli from both sites in 1 patient, S. pneumoniae from both sites in 1 patient, tively [16, 24, 25] , but there is no validated quantitative culture technique for the diagnosis of sinusitis. Quantitative and S. pneumoniae and a viridans Streptococcus from both sites in 1 patient.
cultures might eliminate contaminants and improve specificity. However, depending on how cultures were obtained and Results of surveillance cultures of specimens from the nares and oropharynx, tracheal secretions, and gastric aspirates taken whether patients were receiving antibiotics at the time of sinus aspiration, quantitative cultures may also have a rebefore the onset of sinusitis revealed no common pattern of colonization. Of the 84 isolates recovered from sinus aspirates, duced sensitivity. Although a few of our patients may have been misclassified as cases, such misclassification would reponly eight were cultured first from the stomach, followed by sinus aspirates were found in the nares on the day of or sometime before the diagnosis of sinusitis. There are no previously published cultural surveillance data with which our data can be compared, but these data suggest that colonization of the resent nondifferential misclassification, which would skew the results toward the null hypothesis. Thus, associations nares may be an important element in the pathogenesis of nosocomial sinusitis. between various potential risk factors and sinusitis identified in this study would be valid.
This study is the first prospective observational cohort study to determine risk factors for nosocomial sinusitis. NosThe cumulative incidence of nosocomial sinusitis in our MICU population (7.7% overall, and 11.4% among patients ocomial sinusitis was strongly associated with nasoenteric intubation (27 of 28 cases). In addition, nasal colonization with nasoenteric intubation) was lower than the cumulative incidence of sinusitis in published prospective studies of nosowith enteric gram-negative bacilli, sedative therapy, depressed level of consciousness (Glasgow coma score of £7), comial sinusitis, which has ranged between 18% and 100% [13 -19, 24, 26] . However, all of the latter studies but one [18] and absence of steroid therapy (data not shown) were found to be risk factors for nosocomial sinusitis by multiple logistic were of patients with nasotracheal intubation. This difference may be explained by the fact that the overwhelming majority regression analysis. Because both nasoenteric intubation and feeding via nasoentof our patients had nasal intubation only with nasoenteric tubes, because all but a very few endotracheal tubes were placed eric tube occurred in 27 of 28 cases of sinusitis, statistical methods could not reliably determine which factor was most by the oral route. In the only previously published study of nasoenteric intubation, the cumulative incidence of sinusitis important in our population. Tubes in the nares may cause obstruction of sinus ostia either by direct mechanical obstrucwas 38.5% [18] . However, in that study, the diagnosis of sinusitis was made with use of clinical and radiographic criteria, tion or by irritation of the nasal mucosa, with subsequent swelling and ostial obstruction [8, 9, 11, 12, 17, 19, 26] . The presence but culture of sinus aspirates was not done. Failure to include a culture criterion in the definition of sinusitis may have led of a nasal tube acting as a foreign body may also predispose to colonization by pathogens, and the nasoenteric tube may to overdiagnosis of sinusitis.
To our knowledge, incidence rates for nosocomial sinusitis serve as a conduit allowing gastric microorganisms to colonize the nasopharynx [27, 28] . Feeding via nasoenteric tube possibly have not been previously published. However, there are data on nosocomial sinusitis available from the National Nosocomial may promote the development of sinusitis by providing nutrients for the growth of microorganisms in the nasopharynx, Infection Surveillance (NNIS) system of the CDC (Robert Gaynes, personal communication, 1995). Rates from MICUs either by regurgitation or by a wick effect. An increased risk of sinusitis associated with nasal coloniin the NNIS system (0.73 cases per 1,000 patient-days) are more than 10-fold lower than the rates we observed. This sugzation with enteric gram-negative bacilli is consistent with the observation that these microorganisms were isolated in gests that nosocomial sinusitis is probably underdiagnosed in most MICUs. more than half of the cases of sinusitis. A depressed level of consciousness and administration of sedative drugs have been More than 80% of the isolates from the sinus aspirates of our cases were aerobic gram-negative bacilli and gram-positive mentioned previously in the literature as possible risk factors for nosocomial sinusitis [10, 11, 13] . We agree with Humcocci, and the majority of sinus infections had a polymicrobial etiology. These findings are consistent with the etiology of phrey and co-workers that the comatose or sedated patient who is kept in the supine position cannot ventilate his sinuses nosocomial sinusitis in previously published prospective studies of sinusitis in which specimens were obtained by sinus [11] . In such patients, stagnation of secretions in the sinuses may lead to infection with microorganisms colonizing the puncture and aspiration [14, 16, 19, 24 -26] .
It is interesting that aerobic enteric gram-negative bacilli nares. Previous references to a relationship between use of steroids were frequent pathogens in nosocomial sinusitis but not in nosocomial pneumonia when protected bronchoscopic techand nosocomial sinusitis have assumed that steroid therapy was a risk factor for sinusitis [6 -8] . Our analysis found that steroid niques were used for diagnosis of pneumonia in the same popu-
